OBJECTIVE: (1) To determine the prevalence of small dense low-density lipoprotein (SDLDL) particles in obese youths and (2) to compare youths with SDLDL and large buoyant LDL (LBLDL) subclass phenotypes in total body and abdominal fatness, cardiovascular (CV) fitness, and markers of the insulin resistance syndrome (IRS). DESIGN: For group comparisons, subjects were dichotomized into either SDLDL phenotype group or LBDL phenotype group based on LDL particle size. SUBJECTS: Obese 13 to 16-y-olds (n ¼ 80) who had a triceps skinfold greater than the 85th percentile for gender, ethnicity, and age. MEASUREMENTS: LDL particle size, plasma lipids and lipoprotein concentrations, plasma glucose and insulin concentrations, and blood pressures; percentage body fat, visceral adipose tissue (VAT); VO 2 at a heart rate of 170 bpm as an index of CV fitness. RESULTS: The prevalence of the SDLDL phenotype was 54% among the 80 obese youths. Although overall body fatness (ie BMI and percentage body fat) and CV fitness were similar between the two LDL phenotype groups, the SDLDL phenotype group had significantly higher weight, waist circumference and VAT than the LBLDL phenotype group. With respect to the IRS markers, youths with the SDLDL phenotype had significantly higher triacylglycerol (TAG), very low-density lipoprotein cholesterol (VLDLC), apolipoprotein B (apo B), and total cholesterol-to-high-density lipoprotein ratio (TC=HDLC) than youths with the LBLDL phenotype. LDL particle size as a continuous variable was significantly correlated with TAG, VLDLC, apo B, HDLC, and TC=HDLC. Plasma TAG and HDLC concentrations were independent predictors of LDL particle size. CONCLUSION: (1) The SDLDL phenotype was common in obese youths and (2) the relationships of LDL particle size with several of the IRS markers suggested that already in adolescence the expression of the SDLDL phenotype might be an important risk factor for future coronary heart disease mortality and morbidity.
Introduction
Low-density lipoproteins (LDL) are composed of heterogeneous particles differing in density, size and chemical composition. Compared to large buoyant LDL (LBLDL) particles, small dense LDL (SDLDL) particles have greater atherogenic potential due to: (1) a greater susceptibility for oxidation; 1 (2) a lower binding affinity for LDL receptors; 2 and (3) a higher binding affinity for proteoglycans in the arterial wall. 3 Although LDL subclass phenotype is primarily determined by genetic make-up, 4, 5 its expression is also influenced by other factors such as body fatness, hyperinsulinemia and hyperlipidemia. For example, epidemiological studies 6 -13 using adult populations have demonstrated that LDL particle size is positively associated with triacylglycerol (TAG) and apolipoprotein B (apo B) concentrations, but negatively associated with high-density lipoprotein cholesterol (HDLC) concentration. A recent study 8 using men with and without coronary artery disease (CAD) showed that men with the hypertriglycerimic waist (defined as waist circumference of ! 90 cm and plasma TAG level of ! 2.0 mmol=l) had a 3.6-fold higher risk for CAD compared with those with low waist circumference and TAG levels. Reaven et al 8 showed that in addition to higher TAG and lower HDLC, adults with the SDLDL had higher plasma glucose and insulin responses to oral glucose than those with the LBLDL.
However, most of the previous studies investigating the relationships between LDL particle size and CAD risk factors have been limited to adults, so that little information is available in children and adolescents. We previously reported that during adolescence visceral adipose tissue (VAT) accumulation was significantly associated with poor profiles of the insulin resistance syndrome (IRS) such as elevated TAG, very low-density lipoprotein cholesterol (VLDLC), and apo B along with relatively low HDLC. The present study determined the prevalence of the SDLDL phenotype in a sample of obese youths. Secondly, we evaluated the relationships of LDL particle size with adiposity, cardiovascular (CV) fitness, and IRS markers.
Methods and designs
Subjects Obese 13 to 16-y-olds (n ¼ 80; white boys, n ¼ 10; white girls, n ¼ 15; black boys, n ¼ 16; black girls, n ¼ 39) were recruited via flyers sent to parents of children who attended schools near our institute, and through advertisements placed in community and hospital newspapers. Interested youths and parents signed informed consent documents in accordance with procedures of the Human Assurance Committee at the Medical College of Georgia. To be included, a youth needed to have a triceps skinfold greater than the 85th percentile for gender, ethnicity, and age.
14 Measurements A 20 ml fasting blood sample was obtained from the antecubital vein into vacutainers containing EDTA. Samples were separated by low speed centrifugation (4500 gÂ10 min) and stored at 7 70 C until analysis. Plasma concentrations of total cholesterol (TC), VLDLC, low-density lipoprotein cholesterol (LDLC) and HDLC were measured using standardized methods at the Emory University Lipid Research Laboratory that is certified by the College of American Pathologists and participates in the National Heart, Lung and Blood=Centers for Disease Control Lipid Standardization Program. Plasma concentrations of apo A-1, apo B, and apolipoprotein (a) (Lp(a)) were determined using immunoturbidimetric methods (Incstar, Stillwater, MN, USA). Insulin concentration was determined using the IMx Insulin Assay (Abbot Laboratories) and glucose concentration was determined by enzymatic methods (Beckman Diagnostics, Fullerton, CA, USA).
LDL particle size was determined using a 2 -8% nondenaturing segmental gradient gel as previously reported. 15 In brief, plasma samples were prestained for 2 h at room temperature with 0.6% Sudan black in ethylene glycol (3 : 1) prior to loading on the gel. A single load of 10 ml of prestained plasma solution was applied to individual troughs (GA-50 sample applicator, Isolabs). Electrophoresis was performed at room temperature for 18 -20 h (50 mA and 80 V). The LDL bands were scanned at 633 nm using the LKB laser densitometer (LKB Pharmacia, Piscataway, NJ, USA). LDL peak particle size was determined with the migration of inhouse LDL calibrators of known diameters (277, 253 and 242 Å ). An average LDL particle size of > 255 Å (density of 1.025 -1.038 kg=l) was classified as LBLDL phenotype consisting of predominantly large buoyant LDL particles, while an average LDL particle size of 255 Å (density of 1.038 -1.065 kg=l) was classified as SDLDL phenotype consisting of predominantly small dense LDL particles. 4 Weight was assessed with a balance scale and height with a stadiometer. Sagittal diameter was measured with a skeletal anthropometer in supine position at the belly mid-way between hip crest and navel. Total body composition was estimated with dual energy X-ray absorptiometry (DXA) using the Hologic QDR-1000 (Waltham, MA, USA). DXA divides the body into three compartments (fat, bone, fatfree soft tissue) and estimates percentage fat (% fat). VAT was measured with magnetic resonance imaging and CV fitness was measured using a multi-stage treadmill test. Our primary index of CV fitness was the oxygen consumption (VO 2 ) at a heart rate (HR) of 170 bpm (VO 2 -170). 16 Resting systolic and diastolic blood pressures (SBP and DBP, respectively) were measured after a 10 min rest using a Dinamap automated monitor (Critikon, Tampa, FL, USA). Five values were measured at 1 min intervals, with the average of the last three used.
Statistical analyses
Our subgroups were not sampled to be representative of their particular gender and ethnicity. Therefore, we did not draw inferences concerning ethnicity or gender differences. However, we did control for these factors in the analyses that evaluated differences between LBLDL and SDLDL phenotype groups in body fatness, CV fitness and the IRS markers.
The statistical program used for the analyses was SPSS-PC version 10.0. The distributions of the dependent variables were checked for normality prior to the analyses by plotting standardized residuals for each variable from regression models using ethnicity and gender as the independent variables. Because TAG was not normally distributed, a log 10 transformation was performed, which adequately normalized the distribution of this variable. Analysis of variance (ANOVA), controlling for ethnicity and gender if necessary, was used to compare group means of the two LDL subclass phenotypes. Least square means are reported; ie estimates that would be expected if the design were completely balanced. Pearson correlations were calculated between LDL size, CV fitness, body fatness, and the IRS markers.
LDL particle size and insulin resistance syndrome markers H-S Kang et al
Multiple stepwise linear regression analysis was used to explore the extent to which individual variation in LDL particle size was explained by individual variation in CV fitness, body fatness, and the IRS markers. The significance level required for entry into the regression models was P < 0.15 and the significance level required to remain in the model was P < 0.05. The level of significance for all statistical analyses was set at P ¼ 0.05.
Results
White
mmHg). Gender and ethnicity differences were statistically controlled for in the following group comparisons between the two LDL phenotypes.
The average LDL size for LBLDL and SDLDL phenotypes was 258.7 AE 0.1 and 250.5 AE 0.1 Å (P < 0.001), respectively.
Forty-three (54%) of the 80 obese youths were classified as SDLDL phenotype, while 37 (46%) as LBLDL phenotype. Table 1 compares mean scores of the two LDL phenotype groups in body composition, CV fitness and the measured IRS markers. Although overall body fatness (BMI and percentage body fat) and CV fitness were similar for the two LDL phenotypes, the SDLDL phenotype group had significantly larger waist circumference and VAT than the LBLDL phenotype group. With respect to the IRS markers, the SDLDL phenotype group had significantly higher TAG, VLDL-C, apo B, and TC=HDLC than the LBLDL phenotype group. The LBLDL phenotype group had a higher mean HDLC than the SDLDL phenotype group, but this difference did not reach statistical significance (P ¼ 0.058). With respect to the other IRS markers such as fasting glucose and insulin levels and blood pressures, there were no significant differences between the two LDL phenotype groups.
Correlation analysis showed that LDL particle size was negatively associated with TAG (r ¼ 7 0.54, P < 0.001), VLDLC (r ¼ 7 0.53, P < 0.001), apo B (r ¼ 7 0.32, P < 0.01) and TC=HDLC (r ¼ 7 0.40, P < 0.001), but positively associated with HDLC (r ¼ 0.40, P < 0.001). Stepwise regression analysis showed that TAG and HDLC concentrations were independent predictors of individual variation in LDL particle size (r 2 ¼ 0.33, P < 0.001, Table 1 ). Further, scatter plots showed that plasma TG and HDLC concentrations explained LDL particle size and insulin resistance syndrome markers H-S Kang et al ca 32 and 16% of the individual variation of the LDL particle size, respectively (Figures 1 and 2) .
Discussion
To the best of our knowledge, this is the first study to show that SDLDL phenotype is common in obese adolescents. In the present study, the prevalence of 54% of the SDLDL phenotype was higher than that found in non-Hispanic Caucasian adults (44%) 4 and 7 to 13-y-old prepubertal Japanese children (9.3%). 17 Although a direct comparison between the present study and the Japanese study was not possible because no VAT data was available for the latter, a higher body mass index (BMI) of the SDLDL group (20.5 AE 0.7) compared to that of the LBLDL group (18.5 AE 1.6) in the Japanese study indicated obesity as a modifying factor on LDL particle size. Similarly, our present finding that obese youths with the SDLDL phenotype had significantly higher waist circumference and VAT than those with the LBLDL phenotype suggests that abdominal obesity may bring out any genetic predisposition of the LBLDL phenotype as well as its relationships to the atherogenic lipoprotein phenotype (ALP).
6,7,18 Similar relationships among LDL particle size, central obesity, and lipoproteins have been previously reported in adults. 6, 18 On the other hand, when LDL particle size was analyzed as a continuous variable, it was not significantly associated with VAT, but was associated with plasma concentrations of TAG, HDLC, VLDLC, apo B and TC=HDLC. Regression analysis showed that plasma TAG and HDLC concentrations were independent predictors of LDL particle size.
A possible explanation for a connection between VAT and LDL particle size is that VAT releases a substantial amount of fatty acids via decreased insulin-induced antilipolysis into the portal vein to hepatic tissues, where delivered fatty acids are synthesized as VLDL, thereby elevating plasma TAG while decreasing HDL (especially HDL 2 ) concentration and LDL particle size. A second possible explanation relates to the previous report 19 that VAT accumulation was inversely associated with post-heparin lipoprotein lipase (LPL) activity and mass in Japanese men and women, indicating a functional deficiency of LPL activity. Because LPL is the key enzyme for the hydrolysis of TAG derived from chylomicrons and VLDL and the removal of remnant particles, low LPL activity along with VAT accumulation would cause a delayed clearance of circulating plasma TAG-rich lipoproteins (TRL), thereby contributing to the development of the ALP featuring elevated TAG concentration, decreased HDL concentration, and decreased LDL particle size. In addition, Figure 1 Relationship between plasma triacylglycerol (TAG) concentration and low-density lipoprotein (LDL) particle size (n ¼ 80). Figure 2 Relationship between plasma high-density lipoprotein cholesterol (HDLC) concentration and low-density lipoprotein (LDL) particle size (n ¼ 80).
LDL particle size and insulin resistance syndrome markers H-S Kang et al drug therapy-induced decrease in post-heparin hepatic lipase (HL) activity was associated with increased LDL buoyancy in the subjects with documented coronary disease who participated in the Familial Atherosclerosis Treatment Study. 20 Consequently, it is speculated that the negative influence of VAT accumulation on LDL particle size may be mediated either by increased hepatic VLDL production due to an elevation in VAT-induced FFA release into a portal vein or delayed TAG clearance of TRL related to decreased LPL=HL ratio or both. With respect to fasting glucose and insulin concentrations, the non-significant group differences between the two LDL phenotypes were unexpected because hyperinsulinemia of insulin resistance is known to stimulate hepatic VLDL-TAG synthesis and secretion into systemic circulation. 5 -8 However, Katzel et al 6 -8,18 showed that men with a high proportion of SDLDL particles had significantly higher plasma concentrations of glucose and insulin levels than those with LBLDL particles only during an oral glucose tolerance test, but not in a fasting state. Another possible explanation could be that elevated postprandial lipemia due to delayed TRL clearance rather than hyperinsulinemia might be a major contributor to the expression of the SDLDL phenotype in the youths. A recent study 21 showed that normotriglyceridemic men with the SDLDL phenotype had a higher TG content in the small-TRL subfraction during the entire postprandial period of an oral lipid tolerance test compared to normotriglyceridemic men with the LBLDL phenotype. However, any causal connection between postprandial lipemia and the SDLDL phenotype has yet to be investigated in children and adolescents.
Overall, significant group differences of the two LDL phenotypes in VAT and plasma lipoproteins suggest that VAT accumulation is positively associated with ALP of obese youths, which consist of elevated TAG and apo B concentrations but relatively low HDLC concentration along with decreased LDL particle size. On the other hand, because regular exercise has been shown to have a favorable effect on VAT in obese youths, 16, 22 it would be interesting to further study if a lifestyle intervention program resulting in improvements in body composition and aerobic capacity alter the LDL phenotype in this population.
